University of South Florida

Digital Commons @ University of South Florida
KIP Data Sets and Technical Reports

Karst Information Portal

December 1971

Cave Research Foundation Annual Report
Research Foundation Cave

Follow this and additional works at: https://digitalcommons.usf.edu/kip_data

Recommended Citation
Cave, Research Foundation, "Cave Research Foundation Annual Report" (1971). KIP Data Sets and
Technical Reports. 50.
https://digitalcommons.usf.edu/kip_data/50

This Text is brought to you for free and open access by the Karst Information Portal at Digital Commons @
University of South Florida. It has been accepted for inclusion in KIP Data Sets and Technical Reports by an
authorized administrator of Digital Commons @ University of South Florida. For more information, please contact
scholarcommons@usf.edu.

CAVE
•

RESEARCH

Thirteenth

Annual

December

FOUNDATION
Report

1971

DI~CTORS

OF THE CAVE RESEARCH FOUNDATION

•

Joseph K. Davidson, President
Columbus, Ohio
William P. Bishop, Secretary
Albuquerque, New Mexico
.Jacqueline F. Austin, Treasurer
Bethesda, Maryland
Denver P. Burns
Swarthmore, Pennsylvania
John P. Freeman
Columbus, Ohio
Thomas L. Poulson
South Bend, Indiana
William B. White
State College, Pennsylvania
John P. Wilcox
Columbus, Ohio

Cave Research Foundation
206 W. 18th Avenue
Columbus, Ohio 43210

Cover Photo:

Limestone Pavement at Head
of Malham_Cove, Yorkshire,
England

•
•

,

i

Table of Contents
HIGHLIGHTS OF 1971
THE SCIENTIFIC PROGRAMS
A.

The Cartographic Program ---------------------------------

2

B.

The
1.
2.
3.

Hydrology Program
Hydrology of the Central Kentucky Karst -------------Dehydration Processes in Carbonate Terrains ---------Groundwater
Geochemistry
of the Central Kentucky
Karst
------_________________________________

4
6

4.

Vertical Shaft Research ------------------------------

9

Program in Sedimentation, Mineralogy, and Petrology
1. Clastic Sediments in West Virginia Caves ------------2 .. Cave Sediments of the Near East ---------------------3. Sulfate Minerals in Central Kentucky Caves ----------4. Carbonate Minerals from Timpanogos Cave --------------

10
11
12
12

Program in Karst G~omorphology
1. Karst Development in South-Central Kentucky ---------2. Geology and Interpretation of Crystal Cave ----------3. Description and Interpretation of New Discovery -----4. Description and Interpretation of Lee Cave --_--------

13
16
17
17

C.

D.

8

E.

Program in Ecology
1. Terrestrial and Aquatic Cave Organisms --------------- 18
2. Cave Crayfish from Pless Cave ------------------------ 20

F.

Program in Archaeology
1. Salts Cave Excavation -------------------------------- 21
2. Mammoth Cave ----------------------------------------- 24
3. Wyandotte Cave --------------------------------------- 24

G.

History and Economics Programs
1. History of the People and Caves of Flint Ridge, Ky. -- 26

ADVISORY ACTIVITIES
A.

Wilderness Resources of Mammoth Cave National Park ------- 27

B.

Strip Mining near Russell Cave National Monument --------- 27

C.

Interpretation at Mammoth Cave National Park
1. Training Session ------------------------------------- 27
2. Trail Guides ----------------------------------------- 28

it

MANAGEMENT OF THE CAVE RESEARCH",FOUNDATION
A.

The Directorate ----------------------------------------. ~
,-.

29

B.

Field Operations Manager at Mammoth Cave National,Park -~ 29

-,

•
C.

Personnel -----~------------------------~----~-----------

PUBLICATIONS AND PRESENTATIONS
A.

Books

:..._~:...L

:...~',,

29

IN 1971
"c_, __ ,, __ :...

,

,_.:_'

...:

-

30

'

B.

Journai" A~t'icles ----------------------------------------

30

C.

Presentations at Professional Meetings ------------------

31

D. Talks"
E:

Seminars and Symposia ...:~-------~------~------~--,,:.
32

Abstracts of Papers Published in 1971 -----:...------------",

ACKNOWLEDGMENTS
..

Many of the projec~s outlined in,this report have been conducted
within the NationAl.Park
System.
Th~ EUppO\t Rnd ~nc0~rage~e~t
of the
Superintendent"and staff'at Mammoth Cave National Park and at Timpanogos Cave National Monument have contributed greatly to the success Of
these projects and is gratefully acknowledged.
The archeological research in Salts Cave has been supported by a
grant from the National Geographic Society. This support is gratefully
acknowledged.

iii

Index to Authorized Projects, Mammoth Cave National Park

MACA-N-9

Cartography ------------------------------------------

2

MACA-N-IO

Cave Environment

MACA-N-ll

Paleohydrology of Mammoth Cave and Flint Ridge Cave
System (Inactive in 1971)

MACA-N-12

Hydrology of the Central Kentucky Karst --------------

MACA-N-13

Petrology of Mid-Mississippian
in 1971)

MACA-N-14

Terrestrial Cave Communities -------------------------

18

MACA-N-IS

Cave Stream Communities ------------------------------

18

MACA-N-24

Archeology of Salts Cave -----------------------------

21

MACA-N-27

Sulfate Mineralogy -----------------------------------

12

MACA-N-28

Description

17

MACA-H-l

History of People and Caves of Flint Ridge, Kentucky - 26

(Inactive in 1971)

Limestones

4

(Inactive

of New Discovery -------------------------

iv

Addresses for Investigators Listed in this Report
Dr. William P. Bishop
8917 Aspen NE
Albuquerque, New Mexico 87112 ..
Mr. Roger W. Brucker
445 W. South College
Yellow Springs, Ohio 45387

.

Mr Thomas. E. Cottrell
4981 Kingsgate Court
Dayton, Ohio 45431
William and Pat Crowther
8 Greenwood Road
Arlington, Massachusetts 02174
Prof. Joseph K. Davidson
Department of Mechanical Engineering
The Ohio State University
206 W. 18th Avenue
Columbus, Ohio 43210
Dr. John P. Freeman
15 Fairview Heights
Rochester, New York 14613
Mr. Paul Goldberg
Department of Geology and
Mineralogy
The University of Michigan
Ann Arbor, Michigan 48104
Mr. Russell Harmon
Department of Geology
McMaster University
Hamilton, Ontario, Canada
Mr. John W. Hess
Department of Geology
Deike Building
The Pennsylvania State University
University Park, Pennsylvania 16802
Mr. Horton Hobbs III
Department of Zoology
Indiana University
Bloomington, Indiana 47401

Dr. Franz-Dieter Miotke
c/o Cave Research Foundation
Box 26
Mammoth Cave, Kentucky 42259
Prof. Arthur N. Palmer
Department of Geology
State University College
Oneonta, New York 13820
Prof. Thomas L. Poulson
Department of Biology
Notre Dame University
Notre Dame, Indiana
Dr. Stanley D. Sides, MD
5029 Easley Street
Millington, Tennessee 38053
Mr. Gordon L. Smith
5110 Crafty Drive
Louisville, Kentucky 40213
Prof. Patty Jo Watson
Department of Anthropology
Washington University
St. Louis, Missouri 63130
Prof. William B. White
Materials Research Laboratory
The Pennsylvania State University
University Park, Pennsylvania 16802
Dr. John Wilcox
Battelle Memorial Institute
Columbus, Ohio
Mr. Thomas E. Wolfe
Department of Geography
SUNY at Buffalo
Buffalo, New York

HIGHLIGHTS

OF

1971

Wilderness Resources ~ Mammoth ~
National Park was published
in early 1971. This three-year study conducted at the request of the
National Park Service presents a summary and critique for the unique
natural resources of the Park. It provides guidelines for the classification of cave passages for various uses and makes a strong plea
for a broad based management that takes account of the interfaces
between cave and surface, and between the Park as a whole and the
Region in which it is implanted.
A distinguished German scientist, Dr. Franz-Dieter Miotke from
the University of Hannover, has taken up residence at the Flint Ridge
Field Station for a year-long study of the geomorphology of the
Central Kentucky Karst and the climatic, chemical, and lithologic
factors that influence karst development.
The 1971 Cave Research Foundation Fellowship was awarded to
Mr. Horton H. Hobbs III of the Department of Biology, Indiana
University to support his thesis research on crayfishes and their
epizootic ostracods in Pless Cave, Ind~ana.
The hydrologic study of the Central Kentucky Karst has been
funded by the Office of Water Resources Research through the Pennsylvania State University's Water Resources Center. This external funding
will permit the constr~ction and installation of automatic recording
stations for flow, temperature and electrical conductivity in two of
the big springs.

The Cave Research Foundation was represented at the In~ernational
Symposium on Karst Denudation (sponsored by the International Speleological Union) held at Oxford, England in early September. The
symposium consisted of two days of formal papers followed by an eight
day field trip through the classic karst areas of England and Ireland.
1971 set a new record for the cartographic program with 19.22
miles of cave mapped in Mammoth Cave National Park.
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THE

'.

SCIENT.rFIC

'PROGR'A'MS

THE CARTOGRAPHIC PROGRAM
J. P;

Wilcox, W.&P. Crowther. T.E. Cottrell

The cartographic program reached an unprecedented level of
activity this year. During '~he t:hirt:een-monthperiod from
October 1, 1970 to November I, 1971. CRF teams surveyed 19.22
miles of cave in Mammoth Cave National Park. Though some of
this mileage was in areas of Mammoth Cave t:hathad been part:ially
surveyed by earlier explorers, 96 percent: of it was previously
unsurveyed by the Foundat:ion.
Major breakthroughs in Lee Cave and in the New Discovery,
portion of Mammoth Cave opened up areas of t:heridges where
cave was,not previously known. The 'survey project in Old Mammoth
cont:inued at a high rat:eof effort:. A substantial amount of new
passage was found t:here, and numerous virgin side leads remain
unexplored. Though t:hese activities divert:ed some.manpower from
the Flint Ridge Cave System. it cont:inued to grow at about it:s
usual rate. primarily by the addition of side passages that:had
been by-passed by early surveys in t:heolder portions of the
cave.

Flint Ridge: There were several areas of concentrated
activit:y in the Flint Ridge System. The passage.t:hrough which
water enters the top of Jones Shaft was reached by chimneying
in an adjacent dome. It was followed upstream to the northwest:
and yielded 3500 'feet of new cave at:a level higher than other
passages in t:hearea'. The Geology and Interpretation program
in Old Crystal brought attention to several leads, one of them
yielding access to the lowest levels ever reached in Crystal
Cave. Exploration. is continuing here. Examination of .the
Overlook area has disclosed several unsurveyed side passages and
undescended pits, with potential remaining for future work. In
Colossal, an upper level canyon paralleling Deike Trail yielded
significant new survey. An upper level connection with Austin
Avenue to the west of Jones Shaft was discovered. providing an
easier route from the Colossal Entrance than the Salts-Colossal
Link. In Pohl Avenue. Cow Falls was ascended •. The passage at
the top is not related to previously known cave. and is still
under exploration.
The current length of the world's longest 6urveyed cave is
85.49 miles. Great Onyx Cave contains an additional 2.70 miles
of survey.
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Dickey Pit is a separate cave in the northwest portion of Flint
Ridge. When it was first visited in 1964, the entrance appeared to
have recently formed by the partial collapse of the ceiling of a
very large pit, and the bottom of the pit was largely choked with mud.
Subsequent flushing has opened up a walking passage to the south and
a crawl to the north from the bottom of the pit. Four-tenths of a
mile has been surveyed, with access to several deeper pits and a multilevel canyon. There is potential for continuing to the southeast.
Mammoth Cave Ridge: In Old Ma~moth, the Stevenson Avenue survey
has been extended through Opossum Avenue to Belfry Avenue and beyond
to a connection with Kentucky Avenue. The entire Belfry Avenue area
shows little evidence of previous visitation, and some of the survey
is in virgin cave. About 1.5 miles of passage not shown on earlier
maps has been surveyed, and another mile has been explored but not yet
surveyed. Much potential for exploration remains. Rogers Avenue,
Miller Avenue, and parts of Nicholson Avenue have also been surveyed.
In New Discovery, CRF surveys have been extended to include most
of the previously-known cave, though numerous unexplored side passages
remain. The breakdown at the west end of Big Avenue was penetrated,
opening up a new segment of trunk passage extending southward for
1300 feet. Its cross sections, up to 124 feet wide and with a vertical
development of 120 feet, are the most impressive in New Discovery.
There are several side passages and an access to a base level river
passage that is a major drain for Deer Park Hollow. This section of
the cave, which shows no evidence of previous visitation, has yielded
over 1.5 miles of survey. Exploration is still active.
CRF survey in Mammoth Cave now totals 19.2 miles. Of this, 10.1
miles were surveyed in the past year and 4.4 miles are in previously
unsurveyed cave. The total surveyed length of Mammoth Cave, including
earlier surveys by Kaemper, Walker, and others as compiled by J. F.
Quinlan in 1969, is approximately 49 miles.
Joppa Ridge: In the fall of 1970, a surface reconnaissance party
explored a crawl at the bottom of a small pit near the floor of
Carpenter Hollow and gained access to a much deeper pit with a passage
off the bottom. More than three mi~es have since been surveyed chrough
this entrance in a completely virgin area of Joppa Ridge. The main
passage is a 30-foot-high canyon chat once carried water northward from
under Smith Valley. Several smaller canyons contain active rivers. A
surveyed connection was recently established with Lee Cave, and the new
cave is now considered

to be a part of Lee.

Lee Cave haS thus more

than doubled in length during the past year. It contains 7.44 miles of
survey as of November 1, and is the fourth longesc surveyed cave in
Kentucky.
In Proctor

Cave

i

the Mystic

River Pit was descended.

The bo~tom

is 80 feet below the known cave in that pare of Joppa Ridge.
there has not yet been fully explored.

A passage
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Cooperative Study: An aerial photography project with the
objective of accurately locating the cave entrances in plan and
elevation is being conducted in cooperation with the Department
of Geodetic Science of the Ohio State University. A final
photography run was made in January, and the data is in process
of reduction.

HYDROLOGY PROGRAM

Hydrologv of the Central Kentucky Karst
J.W. Hess, Jr. and W.B. White
The present problem is concerned with spring hydrograph
analysis in order to investigate the flow system of the Central
Kentucky Karst. During the year, a rain gage network was set
up, monitoring equipment was designed, water chemistry measurements were made, and Owl Cave was dived. Other work included a
temperature survey of the north side of the Green River to look
for springs, and surface studies of the drainage patterns of the
hollows along the Green River.
The rain gage network uses private observers who daily read
a wedge precipitation gage and record the data on postcards which
are then mailed at the end of each month. The present network
consists of 30 gages spread out over the plateau and Sinkhole
Plain with an average density of 1 gage per 6 sq. miles. An
average of 86% of thE observers have ~urnsdi~ their ~3~ds each
month.
Pike Spring and Owl Cave will be monitcred for discharge,
temperature, and specif1.C conductance continuously using strip
recorders. All of the instrumentation has been designed and is
75% built. It still needs to be tested and calibrated before
installation in the springs.
Owl Cave was dived in July to locate a point to install the.
monitoring equipment. Figure 1 is a sketch of what the divers
found and the location of the possible gaging point in the upstream portion of the underwater passage. The main flow downstream appears to be in a passage 30 feet belew the water level
which would correspond wtth the depth of the Turnhole rise pool.
The temperature survey of tbe north side of the Green River
revealed 26 cold spots which ranged in flow from no visible flow
to 5 cfs. The pattern is like that of the south aide: a few
large flows and many small seeps and cold spate. The upstream
end of the underground meander cutofl on Mansfield Bend was
located. Water sinks into a series of holes along a 50-foot
length of the river.
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The hollows along both sides of the Green River were studied
and they each have their own local drainage network containing
both surface and subsurface components. These small systems may
or may not connect with the main drainage coming in from the
Sinkhole Plain. Water sinks ac the limestone - sandstone contact
and reappears as a small spring along the Green River. At the
same time a surface channel may exist the whole way to the river
and in times of high water, both flow paths will be used.

Denudation Processes in Carbonate Terrains of North America
R.S. Harmon, J.W. Hess, E.T. Shuster,
R. Jacobson, C. Haygood and W.B. White
Chemical analyses have been performed on a wide variety of
carbonate waters in North America from Pennsylvania to Mexico.
These have been combined with available data from the literature
that was judged sufficiently precise (field measurement of pH
and field titration of HC03-) to produce a set of 230 measurements. The data were processed by the Jacobson computer program
(see Fig. 2) to produce saturation indexes and theoretical carbon
dioxide partial pressures:
Waters have been catalogued and fitted to an evolutionary
scheme for karst waters within a complex drainage basin. It
is shown that there is a great variation between waters of the
different types. Grand averages are given in Table I.

TABLE I
Ca++ \'P-M'
r )

LOG

PC02

SATURATION
INDEX

NO.
ANALYSES

Rain Waters

J.

-2.14

-5.63

58

Surface Water
(Pre-karst)

6

-2,15

-3.44

4

Soil Waters

15

-0,98

-2.59

11

Vertical Shaft Water

29

-2.67

-0.78

39

45

-2.34

-0.59

19

Dripstone Waters

54

-2.36

-.0.23

28

Well Waters

82

-1097

-0.01

37

Spring Waters

60

-2.16

-0,49

54

Surface Streams
(Post-karst)

76

-2.41

-0,07
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The water samples are clustered within relatively small
areas in Pennsylvania, Virginia, West Virginia, Kentucky,
Alabama, Texas, Florida, and Mexico. Averages taken within
major water types allow a comparison of the effect of climate
based on dissolved carbonates and carben dioxide pressure.
There is a linear increase in the grand averages with decreasing latitude from Pennsylvania to Mexico illustrating a
distinct climatic influence.
The results

also reinforce

~he hypo~hesis that most karst

aquifers contain two chemically distinct kinds of water. The
shallow, fast-through-put time wate:"s are observed in cave
streams and shafts and are usually highly undersaturated. The
saturation index (= leg ion activity product/calcite solubility
product) is negative. The deeper, diffuse flow waters are
seen as the drip waters of caves and are sampled in wells and
have saturation indexes near unity. Karst springs are a
mixture of both, and a careful chemical balance may lead to a
calculation of the ratio of the surface to underground
denudation rates.
The Groundwater Geochemistry of the Central Kentucky Karst
Russell S. Harmon, John W. Hess and William B. White
The objectives of this study are to determine the detailed
areal and temporal variations in the water chemistry of the
Central Kentucky Karst region.
Work during the fall of 1970 was directed toward determining the chemical character of waters within the present
active interior drainage of the Flint Ridge Cave System.
Vertical shaft and shaft drain waters were found to be very
undersaturated with respect to calcite with one exception,
where travertine was actively being deposited.
During the spring and summer of 1971 attention was shifted
to the numerous springs discharging along the course of the
Green River. These waters were found to contain more dissolved
solids than the less saturated and more aggressive vertical
shaft waters.
Most of the vertical shaft and spring sites were resampled
during the latter half of 1971. In addition, some springs in
the perched Haney limestone aquifer were sampled as these springs
are important input sources te the vertical shafts.
Data on the carbon dioxide concentration of the soil and
cave atmosphere by Dr. Franz-Dieter Miotke lndicate that the
partial pressure of C02 in the soil is ahollt an order of
magnitude higher than that in vertical shaft and spring waters,
which in turn are about an order of magnitude higher than the
C02 in the cave atmosphere.
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Typical.data of waters sampled to date are shown in Table II.
TABLE II
TEMP

C}+
ppm

HC0
3
ppm

-

LOG
LOG SC

P

atm

SAMPLE
SITE

DATE

Colossal Dome (top)

27/11/70

13.0

35

117

-0.475

-2.515

Colossal Dome (bottom) 27/11/70

13.0

44

119

-0.281

-2.611

Cascade Pit (bottom)

27/11/70

13.0

74

205

0.131

-2.361

Keller Shaft (bottom)

28/11/70

12.0

48

89

-0.638

-2.481

Echo River Spring

26/11/70

10.8

41

134

-0.736

-2.143

Turn Hole Spring

23/3/71

12.0

43

128

-0.749

-2.115

Echo River Spring

23/3/71

12.0

34

99

-0.596

-2.573

Pike Spring

5/7/71

12.0

40

120

-0.154

-2.79

Styx Spring

5/7/71

12.0

33

110

-0.517

-2.58

Owl Cave

5/7 /71

10.0

64

210

-0.100

-2.25

26/6/71

12.0

22

97

-0.487

-2.88

5/7/71

12.0

44

143

-0.248

-2.52

Cooper Spring

26/6/71

12.0

24

82

-0.919

-2.55

Sinking Creek

11/7 /71

25.5

30

111

-0.335

-2.54

Little Sinking Creek

11/7/71

25.5

42

166

-0.1317

-2.286

Collins Spring
Echo Spring

°c

CO 2

Vertical Shaft Research
Roger W. Brucker, John W. Hess and William B. White
Water chemistry and flow dynamics were measured for a number of vertical shafts in northern Alabama. These data combined with shaft data
from South Central Kentucky and West Virginia provide a reasonable explanation for the evolution of the shaft. The main transport of water down
the shaft is through a thin (0.5 to 2 mrn) film of very rapidly moving
(15 to 150 cm/sec) water. The flow regime of these waters plots in the
region of supercritical laminar flow bordering on the transition to supercritical turbulent flow. Shafts are highly undersaturated at both top
and bottom. Waters in shaft drains are also undersaturated and it is
unclear why their volume should be so small compared with the volume of
the shaft they drain.
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PROGRAM IN SEDIMENTATION AND MINERALOGY
Clastic Sediments in West Virginia Caves
Thomas E, Wolfe
Field work on the caves of the Greenbrier limestone in East Central West.Virginia is now completed. Analysis of these materials has
necessitated revising and extending the commonly used classifications
for cave sediments. The proposed revision is given here.
There is no generally accepted classification of cave sediments.
Various authors have grouped cave sediments within their personal
interests of study. Kukla and Lozek (1958) classified cave sediments
on the basis of source of material found in the caves. They used the
terms "autochthonous" (derived from within the cave) and "allochthonous" (derived from outside the cave). They also divided the cave
sediments into "entrance facies" and "interior facies." White (1963)
proposed "clastic" (including autochthonous and allochthonous fills)
and

chemicall1

lI

deposits.

Frank

(1965) refers

to "tardigenic"

(slowly

deposited by infilling through small cracks) and "torrigenic" (rapidly
deposited through larger openings). Link (1966, 1967) proposed a
textural classification using a three end-member triangle of clay, silt
and sand.
In the broadest sense, all material found in caves other than the
host rock in situ can be considered

1I

to be "cave sediment.

In this

study of fluvial sediments, process rather than source, texture or
position of the deposits is the basis of their classification. The
following classification utilizes.the terminology of previous investigators.with an emphasis on geomorphic processes responsible for deposition in the caves.

A Classification of Cave Sediments
1.

Clastics
A.

Gravitational Fills: Products of weathering and gravitational
transfer (without a transporting agent).
1.

Infiltrates: Material derived from outside the cave. This
includes entrance detritus, soil, sinkhole fills, material
which enters

the cave via vertical

shafts, joints or faults

which does not show evidence of transport (see erosional
fills) ,
2.

B.

Breakdown: Material derived from within the cave, This
includes fine weathering detritus, large blocks and whole
sections of ceiling collapse. ("Autochthonous" fills of
Kukla and Lozek, 1958),

Transported Fills: Products of erosion which show evidence of
transport by water, wind or ice.
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1.

Fluvial sediment: Material which shows evidence of stream
transport. This includes all material derived from within
or outside the cave which shows rounding, graded bedding.
a systematic vertical variation in grain size, or any particle or structural features characteristic of fluvial
transport.

2.

Glacial sediment

3. Aeolian sediment
4. Marine sediment
5.

Lacustrine sediment

j

These are rarely found in most humid
temperate, well drained inland karst
regions. They are also difficult to
identify where other processes have
altered them.

II. Chemical Deposits (After White, 1964)
A. Carbonates
B. Evaporites
C. Manganese .and Iron hydrates
D. Ice
E. Phosphates
III.Organic Deposits (not showing evidence of transport)
A. Floral remains
B. Faunal remains
IV. Archeological Deposits
A. Evidence

of .human .presence or activity

Cave Sediments in the Near East
Paul Goldberg
The field work on the sediments of certain Israeli caves is complete
as is most of the laboratory work on the specimens. Tentative conclusions drawn for et-Tabun Cave are:
1.

Most of the cave debris was blown in from the adjacent coastal
plain during.a climatically dry period.

2.

There was a period of extensive chemical alteration of the sediments which took place during a more moist climatic episode.
This is manifested by
a.

The dissolution of unstable heavy minerals (epidote and
hornblende) and the concentration of residual ones (rutile,
zircon and tourmaline).

b.
c.

The dissolution of detrital CaC03 in the sediments.
The precipitation of hydroxyapatite and montgomeryite (CaAl
phosphate).

lZ

Sulfate Minerals in the Central Kentucky Karst
W.B. White
An additional 16 specimens of the loose sulfate mineral crusts
were collected from Lee Cave in November. X-ray diffraction analysis
shows that the principal phases present are epsomite and an unknown.
Presence of.thenardite peaks in some patterns and the collection of
moisture in the sample bottles indicate that some mirabilite is also
present although not in major amounts. Hexahydrite peaks appear in
the patterns of some of the hair-like crystals and the absence of
moisture in the bottles indicates that it also may occur in the cave
and not only as a decomposition.product of epsomiteo The principal
unknown phase in the Lee Cave material has been identified as b1oedite,
MgS04.NaZS04.4HZO. The two-year mystery over the origin of the unknown phase "occurred because of an incorrect reference X-ray pattern
in the literature. New data published in 1970 agree well with the
data from the Lee Cave unknown. There may be still another unknown
in the Lee.Cave

salts. The investigation

is continuing.

Repeated visits to New Discovery at all seasons of the year
reveal that.a sulfate deposit grows in the trail and on breakdown
blocks.about half-way along Fossil Avenue during the winter and spring
and then disappears during the summer. This is an unexpected behavior
for a cave that is infrequently visited. The crystals are epsomite
and their disappearance may be related to their decomposition to hexahydrite which would_cause the crystals to crumble.
Through the observations of D. Jagnow and C. Hill, celestite
has been discovered in the gypsum crystals in the historical part of
crystal cave.
The sulfate minerals that have now been identified in the various
caves of the Central Kentucky Karst are:

Mirabilite

CaS0 .ZHZO
4
NaZS04'10HZO

Epsomite

MgS04'7HZO

Gypsum

Hexahydrite (?) MgS04.6HZO
Bloedite
MgS0 oNazS04.4HZO
4
"labile salt"
ZNaZS04'CaS04.ZHZO
Celestite

SrS04

Carbonate Minerals from Timpanogos Cave
William B. White
In the process of completing the reconnaissance geology study of
Timpanogos Cave and the surrounding karst area, a rather detailed
study of the carbonate minerals of the cave has been undertaken. The
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carbonate-minerals include calcite, aragonite, and hydromagnesite. Some
of the.flowstone, however, is colored. Many massive flowstone streamers
on the walls are a canary yellow and the irregular wall cQating near the
Great Heart of Timpanogos is pale green.
Diffuse reflectance spectra measured directly from chips of the
flowstone show the characteristic absorption bands of the divalent nickel
ion (Fig. 3). This is confirmed by a chemical analysis which shows ZOO
to 600 ppm nickel in the bulk specimens. The position of the absorption
bands in the spectrum of the yellow calcite agrees with theoretical
expectations for Ni++ in CaC0 . The green deposits are mainly aragonite
3
and the spectrum although correct
for Ni++ is not that expected for Ni++
substituting for calcium in the aragonite structure.
To resolve this anomaly, electron probe analyses were made of the
green aragonites. These show isolated blebes of some second phase in
the aragonite. The probe analysis indicates that these blebes are a
magnesium silicate and that the nickel is located (substituting for
magnesium) at concentrations of 1 to 2% in the silicate. Thus the pale
green color arises from small amounts of a very finely dispersed green
mineral in the more or less colorless aragonite matrix.
PROGRAM IN GEOMORPHOLOGY
Karst Development in South Central Kentucky
Franz-Dieter Miotke
A new and very broad scale investigation of the Central Kentucky
Karst was launched in October. It has among its goals the following:
1.

Description and mapping of karst landforms.

Z.

Relation of surface forms--particularly river terraces-with the main levels of cave development.

3.

The measurement of the distribution of CO2 in the
soils and other surface environments

and the influence

of this distribution on karst development.
4.

The analysis of underground waters and of COZ in the Cave
atmospheres.

5.

The use of all data to interpret the historical evolution
of the Central Kentucky Karst through geologic time.

One of the first results was the measurement of a carbon dioxide
profile between the Austin Entrance and Upper Turner Avenue. The
results are surprising, in that the pressures are much lower than
those few measurements previously made in caves. The low pressures
probably reflect the influence of the caprock which inhibits the COZ
pumping from overlying soils.
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Geologic

Mapping

of Floyd Collins'

Crystal

Cave

Arthur N. Palmer
Leveling and geologic mapping were conducted in Floyd Collins'
Crystal Cave during three weeks in July and August, 1971, as the continuation of a project begun the previous year. To date, the leveling
survey has been extended through most of the major passages in the
cave as far as Lehrberger Link.
An approximate thickness of 250 feet
of limestones, dolostones, and shales have been described and tied in
with the leveling survey, providing a continuous stratigraphic column
from the base of the Big Clifty Formation ten feet above the Crystal
entrance downward through the Girken and majority of the Ste. Genevieve Formation.
The lowest stratigraphic exposures were obtained
by descending several deep pits in the southern part of the cave,
allowing a bed-by-bed description of vertical exposures as thick as
100 feet. Leveling in these areas revealed active shaft drains and
canyons deeper both in stratigraphic position and in elevation than
Mud Avenue, which has long been considered the lowest level of development in the eastern part of Crystal Cave.
Approximately
260 permanent stations from previous compass and
tape surveys have been tied in with the leveling survey.
Computer processing of survey notes has provided horizontal coordinates for stations in the cave, which are convenient reference points for plotting
the geologic data.
Forced closure of loops in both the leveling and
compass and tape surveys is carried out as a linear function of surveyed distance.
Error tolerances are much lower for the vertical component of the survey than for the horizontal component because of the
need for accurate elevations in correlating stratigraphic horizons
and geomorphic features.
Consequently, a maximum acceptable error
for closed loops in the leveling survey has been chosen arbitrarily
at 0.05 percent.
Although the present average error is roughly 0.2
percent, this value is expected to increase as the leveling extends
through progressively less accommodating passages.
Although a detailed interpretation of the field data will not be
undertaken until large-scale base maps of the cave are prepared, a
few superficial observations can be made from the leveling and geologic
data collected to date: Most major passages are extremely concordant
to the local structure, especially those in the Ste. Genevieve Formation. Prominent bedding planes appear to have a greater influence
on passage orientation than do variations in lithology.
For this
reason, major bedding-plane partings have been mapped as integral
parts of the geologic column.
The geologic structure iscne of gentle
undulations superimposed on the regional dip. Typically, undulations
in bedding planes and lithologic contacts have crest-to-crest separations of 500 to 800 feet, with amplitudes commonly less than three
feet. Major passages have gradients between ten and twenty feet per
mile, with ceilings that rise and fall with variations in the geologic
structure.
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Roughly.half of the field work has been completed toward the
preparation of a detailed gE)9:I,ogj,c;map
9f. Floyli.Collins' Crystal
Cave. If an assessment of the field data supports the feasibility
and value of such an endeavor, the leveling and geologic survey
will be extended. into other major passages. in the cave system.

Reconnaissance

Geology and Biology of New Discovery

J.P. Wilcox, W.B. White, T.L. Poulson, and W.R. Crowther
The geologic and biologic description of the New Discovery Section of Mammoth Cave is nearing completion. The survey, particularly
of recently discovered passages continued during the year. Analysis
of the clastic sediments is the main unfinished item. These are
quite complex and consist of clays and silts near the base level,
gypsum-infiltrated red silts in higher levels, and complex gravel
fills at several locations along Big Avenue. In particular fragments of an old stream bed armor consisting of basal Caseyville
quartz pebbles cemented with iron oxides was discovered.
Reconnaissance

of Lee Cave

J.P. Freeman, T.L. Poulson, G.L. Smith,
P.J. Watson and W.B. White
The report on the unique upper trunk passage in Lee Cave is
near completion. A level survey has been completed through the trunk
and the unknown sulfate minerals have been identified. Two radiocarbon dates were received:
UCLA-1729A

Cane Torch Material

4100

:t

65 years

UCLA-1729B

Charred log

6050

:t

60 years

The date on the Indian debris places the aboriginal visitation of Lee
Cave in the same time period as the Indian usage of Mammoth and.Great
Salts Cave. The age of the log, charred at one end and lying on the
angular breakdown near the west end of the trunk passage, deepens the
mystery. Its age predates by 2000 years any known Indian visitation
of the caves. Its age certainly postdates any function of the main.
trunk as an active drain. A variety of hypotheses could be constructed, but all are in the realm of pure speculation in absence of other
confirmatory data.
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2. Studies of plant communities around lights in Frozen Niagara
areas will be aimed at determinin~: znnation with light,temperature,
and moisture; rates of colonization and growth; and interaction with
native cave micro flora and fauna. These studies will suggest methods
of control and eradication which will be tested in laboratory and
field. Two methods to be tried are turning off lights whenever a
party is not present (to disrupt the biological clock and so slow
growth and stop reproduction) and providing continuous UV light in
addition to visible lighting (to inhibit germination of spores and
maybe kill existing plants). There are many other possibilities.

A Study of the Crayfishes and Their Epizootic Ostracods
in Pless Cave, Lawrence County, Indiana
H. H. Hobbs III
Pless Cave lies within the Salem and St. Louis limestone formations of the Mitchell Plain, just south of the East Fork of the White
River, approximately three miles southwest of Bedford, Lawrence
County, Indiana. The three miles of cave passages follow along and
are controlled by NS and EW trending joint systems. Three levels
are known, the lowest of which carries a major NE - SW trending stream
for its entire length. During normal flow the stream ranges in depth
from a few inches to three feet, however certain areas (near the
entrance) may flood to the ceiling even after light rains, making
access impossible. Chemical and physical data indicate the cave environment

is very listable,"

except during periods of flood.

All known segments of Lhe subLerranean stream support a large
population of the albinistic crayfish Orconectes inermis inermis, and
considerably less abundant are two other pigment-bearing crayfishes:
Orconectes immunis immunis and Cambarus (Erebicambarus) laevis.
Four species of entocYLherid oSLracods have been observed to
infest the crayfishes in Pless Cave: Sagittocythere barri and Uncinothere simondsi were found in association with Q. ~. inermis; Donnaldsoncythere donnaldsonensis with C. laevis; and Dactylocythere sp. was
found to infest Q.~.immunis.
Work began in late October, 1970. A study area was chosen, consisting of approximately 3,000 feet of stream passages. All three
species of crayfishes were internally and externally tagged as captured and then released to study movements. Subsequently, 200 specimens (all three species) have been tagged. Two hundred and eight were
individuals

of O.i. inermis,

laevis. Of these, 36.4% have
est number of recaptures for
tion to tagging individuals,
in molt cycle, and responses

two were O.i. irnmunis, and ten were C.

been recaptured at least once (the greatanyone individual was eight). In addisex, carapace length, relative position
to light were recorded.
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Based on the data obtained to date, the home range of Q.l. inermis
appears to be up to 200 feet both upstream and downstream from the point
of initial capture. A rough estimate of the population size is between
500 and 1,000 individuals in the study area. With the small numbers of
individuals marked and the low recovery rates, no attempt is made at
this time to interpret the movements or to predict the home ranges of
the other two species. More data are needed for all three species to
determine home range, sex ratios, population densities and stabilities,
activity, molt cycles, growth rates, and competition.
The commensal ostracods have presently received little attention.
Most of the work completed has concerned S. barrio Numerous experiments
are designed to determine host-commensal relationships (a possible
specificity may exist between Q.l. inermis and~. barril, how the ostracods reinfest the crayfishes following ecdysis of the host, whether the
ostracods are dispersed indiscriminately over the setiferous areas of
the exoskeleton of the crayfish or whether they tend to be restricted
to a particular region, and whether or not the ostracods are able to
live and reproduce in association with a host species other than that
upon which they'were found. A number of individuals of ~. barri have
been removed from their hosts and placed in a water-detritus medium to
determine how long they can exist, and whether or not they may reproduce, isolated from their crayfish hosts. They were found to live for
a minimum of 10 days and a maximum of 185 days. One pair was observed
in copulation for 16 days, but no eggs-were laid.
PROGRAM IN ARCHAEOLOGY
Excavations and Analyses in Salts Cave
Patty Jo Watson
Robert Stewart began a new series of paleofecal analyses the major
purpose of which is to quantify the paleofecal components (seeds of
food plants, hickory nutshell, fish scales, etc.) by weighing them.
This is a tedious and time-consuming process but one which will enable
us to make percent-weight comparisons between samples and between sites,
and which will permit the.use of more sophisticated statistical techniques.
Stewart has made arrangements with Vaughn Bryant (Washington
State University) to examine the residues from the quantification study
for pollen content. Bryant's results will supplement those obtained by
James Schoenwetter (Arizona State University) in an earlier examination
of eight Salts Cave paleofecal specimens for pollen. Schoenwetter will
also continue his analyses on a larger series of samples.
Parasitological studies of eight paleofecal specimens from Salts
Cave have been carried out by Elizabeth Dusseau (University of Michigan).
She reports (in a letter dated April 28, 1971):
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"The only findings thus far that may have significance have
occurred in 23c (a specimen from Upper Salts).
There are
slender structures, curved in a way which is very characteristic of young nematodes ..•The size places them within the
range of parasitic worm larvae, but lack of visualization
of any characteristic morphology makes identification impossible."
Both Dusseau and another investigator (Gary Fry, Youngstown
University) will continue searching for internal parasites in the Salts
and Mammoth Cave paleo fecal remains.
Louise Robbins (University of Kentucky) notes that the skeletal
remains (ca. 2000 bone fragments) of the Salts Cave Vestibule human
population are strange in a number of ways and somewhat difficult to
work with.
During the past year she has concentrated on the bone
fragments from Test J (some 863 pieces) and briefly summarizes her
work as follows (from a letter dated July 14, 1971):
" ...according to mandibular fragments, there are as few as
6 individuals, but according to the different bone textures
and densities, there are about 29 individuals.
Ages range
from fetuses (at least 2) through infants or newborn (0 to
around 2 years), children (6-10), immature (11-15), young
adults (16 to around 30 years), and mature adults.
Both
males and females are present, and cut marks on bones correlate with no particular age or sex group. Most bone was
green when broken so it slivered instead of breaking clean.
Some bones were burned while others (of the same individual)
were unburned.
And bone fragments from the same individual
were found in several levels of J. Bone from J II and J IV
belonged to the same individual; bone from J II and JIll
(levels 6 and 4 respectively) belonged to the same person.
Bone fragments from level 3 of F extension and fragments
from level 13 of J IV were reconstructed to form the shaft
of a radius from a single individual.
The people obviously
did not bury all parts of one individual in one location,
or if so, there was disturbance after burial.
One thing
that does interest me is the unusually high number of young
off spring whose remains are present, i.e., 3 fetuses, 2
infants, 3 infants or fetuses, 6 children, 2 adolescents.
Adult remains are: 8 females, 6 males, 9 sex uncertain.
11

Lathel Duffield (Univetsity of Kentucky)
of the fauna from the vestibule excavations.
dated July 23, 1971):

continued his analysis
Duffield says (letter

"We now have deer, turkey, bat, box turtle, cottontail
rabbit, squirrel, raccoon, fish including cat fish, and
possibly bass.
We have dog, red fox, and one bone that
closely resembles the gray fox. There is an incisor of
a ground hog present.
We have a mandible of a deer about
7 to 9 months old and this would indicate that the site,
at least this level, was occupied in the late fall. One
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of the unidentified bones which I need to compare with
a known specimen could be that of a very young or perhaps
fetal deer. If this is the case then there must have
been a spring occupation as well. However, the conclusion on that awaits the outcome of the identification."
During the coming academic year Richard Yarnell (now at the University of North Carolina) will complete his analyses of a long series
of flotation samples from Salts Vestibule. He is now working on the
material from a 1 x 1 meter control block in Test J. All fill in
this 1 x 1 meter block below the upper 35 cms or so of breakdown rubble was floated. It appears so far that, as with the flotation samples from other trenches, the same plants are represented as in the
paleofeces. One highly significant pattern that seems to be emerging,
however, is an absence of the exotic tropical species--squash and
gourd--in the lowest culture-bearing levels.
On March 20 and AprilS, excavation of Test J in the Salts Vestibule continued until a layer of breakdown was exposed completely
filling the 2 x 2 meter square. All fill from J IV (the southeast
1 x 1 meter square) was carried out to complete the flotation series
begun in the spring of 1970. Very little cultural material was present and it is likely that we are below the level of occupation.
A reconnaissance trip was made on February 27 to assess the
nature of the remains near the Chapman Entrance. Though there is
considerable material to the south of the Chapman Entrance area,
there is much less in the Q survey north of it. It seems unlikely
that Indians used the Chapman Entrance, which is now fallen shut and
apparently was never very large or serviceable.
Trips were made to Lower Salts on May 15, May 20, and June 12
for the purpose of observing and recording aboriginal remains in
areas not previously visited by archeological parties. Because of
the results of previous work, we believe the Indians reached Lower
Salts via the floor of Desmal Valley. They explored and mined (for
gypsum and perhaps for mirabilite and epsomite as well) a complex
series of multilevel, superimposed, intermediately connecting canyon passages. The key to this confusing complex is the lowest-lying
canyon, which has been mapped by the Cave Research Foundation as the
S survey. The S survey connects to the north with Indian Avenue and
runs on to the south for an as yet unknown distance. Indian material
in the S survey is confined to the first 75 survey stations, however,
possibly because the canyon becomes much wetter south of this point
so that debris would not have been preserved. Above the narrow,
twisting S survey are 4 other intermittently intersecting levels of
canyon passages with a maximum vertical relief of some 90 feet.
Moving along the upper canyons requires considerable caution in the
areas where lower passages and upper passages intersect leaving one
straddling a 2 to 3 foot wide slot which goes straight down 50 or
60 or more feet. The Indians certainly negotiated these areas
freely for we find torch smudges and charcoal throughout with an
occasional mined area. (the latter, however, only in places where
the passage has a floor).
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Mammoth Cave
We went into Mammoth Cave April 6, 7, and 8 making.observations,
recording, and collecting radiocarbon dating material.and paleofecal
specimens. Aboriginal debris in the Ganter Avenue area which is
where we worked, is virtually identical to that in Salts Cave except
for the.chert quarrying in Flint Alley and Jessop Avenues. In Flint
Alley in particular there are conspicuous and abundant chert nodules
and veins which certainly seem to have been exploited by the aborigines, to judge from the associated torch smudges and charcoal. We
recorded aboriginal remains in Ganter Avenue and in the adjoining
Cave Research Foundation N, L, B, and F surveys, as well as Jessop
Avenue and Flint Alley.
The next place to be investigated is the series of canyons off
Rider Haggard's Flight, which look very much like the intertwining
canyons of Lower Salts above the S survey, and which have cane charcoal and torch smudges in them.
Wyandotte

Cave, Indiana

We visited Big Wyandotte May 27 and 28, 1971, because George
Jackson in his book, Wyandotte Cave (Livingston Publishing Company,
Narberth, Pa.), describes and illustrates Indian material which sounds
much like that of Salts and Mammoth Caves. Further, the cave was a
commercial or semicommercial source of epsomite in the early 19th
century. Hence, it seemed possible that a pattern of aboriginal utilization closely paralleling those of Mammoth Cave and Salts Cave
might be found at Wyandotte.
There is certainly a great deal of presumably aboriginal bark
lying about the Old Cave portion of Wyandotte, and also grass and
bark ties very similar to those of Mammoth Cave National Park. However, there is very little gypsum so the Indians must have been
seeking the epsomite and probably also the very conspicuous outcrops
of Lost River chert which are easily accessible in several places
along the main passages. Unfortunately we found no human paleofecal
material, although nonhuman scats (probably raccoon) are abundant
in the passages

and rooms nearest

the entrance.
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Table III
SUMMARY OF AVAILABLE RADIOCARBON

DATES

Salts Cave:

Mammoth Cave Interior:

Vestibule:

280 BC + 40 (X-8)(This date is on a
slipper fragment)

710 BC + 100 (GaK2622)
990 BC + 120 (GaK 2765)
1460 BC-+ 120 (GaK 2766)
1540 BC
110 (GaK 2767)
(all dates on charcoal)
1410 BC ~ 220 (GaK 2764)

+

420 BC +
cane
2150 BC +
1030 BC

+

60 (X-9) (This date is on
fragments)
(UCLA-1730A)
(UCLA-1730B)

Wyandotte Cave Interior:
Cave Interior:

260 AD + 80 (UCLA-1731A)
290 BC + 200 (M 1573)
890 BC + 60 (UCLA-1731B)
(squash seeds)
320 BC ~ M 1777)
400 BC + 140 (M 1577)
(squash pollen)
620 BC + 140 (M 1574)
(gourd seeds)
710 BC + 140 (M 1770) (sunflo"er)
(The ab;ve 5 dates are on paleofecal material)
480 BC + 140 (M 1585)
560 BC
140 (M 1584)
570 BC + 140 (M 1587)
770 BC + 140 (M 1588)
890 BC + 150 (M 1586)
1190 BC-~ 150 (M 1589)
(The above 6 dates are on "ood
or bark)

+

1125 BC ~ 140 (I 256)
(The above date is on soot)
Little A1 Interior:
30 AD ~ 160 (M 2259)
10 BC + 160 (M 2258)
(The above 2 dates on internal
tissue from the Salts Cave
mummy)
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PROGRAM IN HISTORY AND ECONOMICS
History of the Peoples and Caves of Flint Ridge, Kentucky
Stanley D. Sides
An active field program has been initiated in an attempt to
systematically record names and dates written in the caves of
Flint Ridge. Unknown Cave and Salts Cave have been examined in
part, and the Overlook area of Floyd Collins Crystal Cave was
studied to better understand the history of exploration which
occurred during the 1950's. A bibliography of references to
cave exploration and development in Flint Ridge is being compiled,
and several interviews were conducted with residents of the Cave
region.
The oldest name recorded in Salts Cave is that of John West,
who wrote his name in the cave on several

occasions

in the summer

of 1809. William West, perhaps his father, first patented 200
acres of land near Salts Cave on August 8, 1799. Bennett Young
wrote that William West was the first white man to see the cave,
and patented land in the area of the cave as early as 1794. In
1802, the Warren County Court granted a patent to William West
which included the cave entrance. This land was surveyed on
March 18, 1804, and was found to consist of 109 acres. Salts
Cave was called West Cave until approximately the 1830's, when it
was renamed Salts after two men became lost in the cave.
Several years of work and collaboration with Mammoth Cave
Historian Harold Meloy resulted in the publication of "The Pursuit
of Health in the Mammoth Cave". The article documents the conditions and thought which led to having people afflicted with tuberculosis reside in Mammoth Cave in 1842 in an attempt to cure their
disease. Widely acclaimed by the Medical profession initially,
the death of the patients caused the experiment to be denounced
by scientists and laymen alike.
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ACTIVITIES

ADVISORY

WILDERNESS RESOURCES OF MAMMOTH CAVE NATIONAL PARK
J.K. Davidson and W.P. Bishop
The publication in early 1971 of the final report on Wilderness
Resources in Mammoth Cave National Park culminated a detailed threeyear study of the caves, their wilderness potential, the relation of
the caves to the surface, the potential for surface wilderness, and
the future development of the Park. The recommendations emphasized
regional planning with a large role to be played by private citizens
in supplying the needs of the large tourist population attracted by
,the National Park. A passage classification scheme was evolved to
assist the planners in the difficult task of extending land management practices underground.
STRIP MINING NEAR RUSSELL CAVE NATIONAL MONUMENT
F. Benington and W.B. White
A coal company has commenced strip mining operations in lands
adjacent to Russell Cave National Monument in northern Alabama. The
Foundation was asked for an opinion as to whether the mining activities constituted a safety hazard to tourists and Park personnel
in the archeological area just inside the cave entrance and whether
there was a possibility of damage to the cave itself.
The investigation included a site visit to the monument and
to the mining operation. Based on the visit, on an examination of
the local geology including the stratigraphic separation of the
cavernous

limestones

and the coal measures,

and on previous

experi-

ence with caves in and near active quarries, it is the~inion
investigators

that no serious hazard exists.

The entrance

of the

area is

in a zone of weathering and some rock fall is expected naturally.
There is the possibility that heavy blasting might trigger some of
these blocks that would soon fall anyway.
INTERPRETATION AT MAMMOTH CAVE NATIONAL PARK
Training

Session

T.L. Poulson, P.J. Watson and W.B. \Vhite
A one-day training session for the guides and seasonal employees
at ~~mmoth Cave National Park was held again ,-hisyear. It included
a half day lecture and a half day field trip through the Historical
Section of Mammoth' Cave
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Trail Guides
T.L. Poulson
The draft manuscript for the underground trail guide for the
self-guided tour in Mammoth Cave was extensively revised during
the year and is now about ready for press.
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MANAGEMENT
CAVE

OF

TH E

FOUNDATION

RESEARCH
THE DIRECTORATE

At the 'annual Directors' meet:ing in.November 1971, Dr. John P.
Wilcox was elected a Director, replacing Dr. Richard A. Watson, who
has resigned. Dr. Watson has been instrumental in Foundation affairs for many years and served as its second President from'1965
to 1967. Dr. Wilcox is Chief Cartographer of CRF.
FIELD OPERATIONS MANAGER
AT MAMMOTH CAVE NATIONAL PARK
A new position has been created to manage all field activity
at Mammoth Cave National Park. This important post has been filled
by Dr. Phillip Gary Eller who has just completed requirements for
the PhD in Chemistry at the Ohio State University and has taken up
residence as a Research Associate at the Georgia Institute of Technology in Atlanta.
PERSONNEL
During the past year, October 1970 through September 1971, the
total number of participants in our field program grew by 7% and
now stands at 281. The level of data-gathering activity over the
past three years by Foundation personnel at Mammoth Cave National
Park is shown in the following tables:
MAN-DAYS AT MCNP

Oct. '68 to Sept. 1969
Oct.'69 to Sept. 1970
Oct. '70 to Sept. 1971

in cave

on surface

624
442

165

539

167
141

MAN-HOURS UNDERGROUND AT MCNP
1969, calendar year
1970, calendar year
1971, Jan. to Sept.
plus Oct. to Dec. 1970
ADJUSTED TOTAL, 1971

7305
4908

5045
1123
6168

One can show by dividing M~N-HOURS UNDERGROUND in a given year
by MAN-DAYS in the cayes that the average length of a caver's day is
consistently about 11 1/2 hours.
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IN

PUBLICATIONS

1971

BOOKS
A number of books have been published in the past several years
in which the Foundation research program has had some influence.
Archeology
EXPLANATION IN ARCHEOLOGY by Patty Jo Watson, Steven A. LeBlanc, and Charles L. Redman (Columbia University Press, 1971) is
based in part on the archeological research in Salts Cave and specifically on C.L. Redman's thesis which was conducted under National
Geographic-CRF sponsorship.
History
Richard A. Watson is general editor for a series of reprint volumes of historical interest issued by Johnson Reprint Corporation
under the title CLASSICS IN SPELEOLOGY. Four volumes have been published each with a new introduction written by a current authority.
They are:
Edwin S. Balch, GLACIERES OR FREEZING CAVERNS (1900)
Introduction by William R. Halliday.
Horace C. Hovey, CELEBRATED AMERICAN CAVERNS (1896)
Introduction by William R. Halliday.
Luella A. Owen, CAVE REGIONS OF THE OZARKS AND BLACK HILLS (1898)
Introduction by Jerry D. Vineyard.
Ralph S. Thompson, THE SUCKERS VISIT TO MAMMOTH CAVE (1879)
Introduction by John F. Bridge.
Poetry
ANSWER BACK by Donald Finkel, Poet-in-Residence at Washington
University (Atheneum, New York, 1968) is a long poem that takes its
theme from cave exploration and its section titles, Indian Avenue,
Mummy Valley, Wow Shaft, The Corkscrew, Angel Hair, and Blue Arrow
Passage from the passage names in the Flint Ridge Cave System.
JOURNAL ARTICLES
Contributed Papers
24.

Elizabeth L. White and William B. White. PROCESSES OF CAVERN
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ANALYSIS OF SI~[I'LE CA\'E CO~nIU:\ITIES:
XICHE
SEPARATIO:\ A:\D SPECIES I'ACI';:I:\G'
DAYJD C. CULVER'

Department

of Diology, }'alc [illi,:asity,

.Yew !Im:cll, COIlJlrctiCllt 06520

Abstrad.
This paper considers various ecological relationships of three galllmarid amphipods (GalJlmarus milllls, Stygollcctcs (maruil/atlls,
and St)'gollcdcs Spi;Zl,ltIfS) and one asclliJ
isopod (Asclllls IlOisillgai)
in cave streams of the Greenbrier VaHey in \Vest Virginia.
Two
clear-cut cases of reduction of rcalizcu niche due to the presence of other species were found:
S. ell/argilla!tls
is limited to small trickles of water when G. ",inlls is present in the stream
and A. flO/singeri
is limited to gravc1.bottomcd pools when G lIIillllS is present in riAies. S.
spina/us prefers smaller rocks than do the larger anJphipoJ species. All four species maintained
weight equally well on rotting leaves or muJ, so feeding differences arrear to be minimal.
Using Levins' matrix of competition coefficients as a framework, interference and exploitation competition were Quantified and separated.
From these elata, it is indicated that the
community is closed to immigration by similar species into the microhabitats occupied by the
four crustacean species. Field evidence supports this. Some unused microhabitats may be
. available, but the aquatic insects that mig-ht potentially usc them arc not present.

Analysis of Simple Cave Communities
III. Control of Abundance
DAVID C. CULVERl
Department

of Biology, Yale Uniuersity, New l!aL.en, Connecticut

06520

ABSTRACT:
In several cave-stream
populations
of Stygonectes
spinatus and Gammarus minus, but not Asellus holsingeri, there was a
large drop in abundance during spring high water. A long~lasting rather
than short-term distributional change, this drop in abundance occurred
despite the fact that the amount of food available is greatest du.ring
spring high water. Stygonectes species are less abundant than G. minUS,
largely because of the former's higher washout rate. This explains the
rather difficult.to-grasp fact that the older cave species are less common.
Experiments in an artificial stream indicate that washout rate is densitydependent, at least in G. minus, with some density-independent
washout
occurring under extreme environmental conditions. \Vashout is increased
by increasing current velocity, increasing density. decreasing the size of
the animals, or reducing the amount of available food.

Caves as Archipelagoes
By David

C. Culver"

ABSTRACT
"',,'''cn
cavcs and archip('lagoe~.
Using the f,onllal
An analogy is drawn I,...
~
thea . developed for the number of populations of a species pr~sl'l~t m. m~
areh~clago,
it was possible to obtain estimates of Jlligr~tion ~n~ ~xtlOetlOn r<\tels
for crustaceans ill caves of the Greenbrier Valley of \\ es~ :'lr~"lJa.
In genera,
these estimates agreed with what is known about the specIes biology.

COMMUNITY BOUNDARIES
FAUNAL DIVERSITY
AROUND A CAVE ENTRANCE,
hy David

C. C'.I.VEII (II all,l Thomas

Department

L. POULSO'; (2).

of Biology. Yale University.

~'t'w Ha"{,Il,

Conl1l'r1it'ut,

OG520.

Anal).se.
Les caraclercs de In hioccllosc de la zone de I'cntree a la grotle de In Calhe.
drale, H.cntucky, claicnt el,lhlis en 51.'rcferant nux theories admiscs. On propose une regie nouvelle pour In similadlc de col1cdion. ~ous avons etabli que
Ie nombre d'cspcccs ct In similarite de leur abondance sonl plus grands dans la
zone de I'entree que d:ms 13 grntte ou en surface. II se peut que ce soit un
I'henolllcnc caraclc.risliquc
des « ecotones :t (fronticres ecologiques) en general.
The nature of the entrance zone community in Cathedral Cave, Kentucky, was
investigated using information theory as a rrame or reference. A new measure
(or similarity
of collection is proposed. "'e found some evidcnce that the
numher of species and thcir cvenncss of abundancc is higher in the entrance
zone than in the cave 01' on the surface. This may be a phenomcnon C'haracteristie of ecotones in gcneral.

Oxygen Consumption and Activity in Closely Related
Amphipod Populations from Cave and
Surface Habitats
DAVID C. CULVERl and THOMAS L. P.OULSOI\j2
Department

of Biology, Yale Universit)', New Haven, Connecticut

06520

ABSTR."CT:
In contrast to other cave animals, metabolic rateef
amphipods was not reduced in cave populations as compared to surface
populations. In the genus St)'gonectes the cave.limited S. emargillatus
and S. spinatus had no lower standard metabolic rate than a surface
seep population of S. tenuis potamacus. Cave ecotypes of Gamlllarus
minus showed no lower standard or routine metabolic rate and no higher
activity level or locomotor efficiency than surface spring ecotypes. Qne
possible reason for these results is that the cans in which these amphi.
pods were found are probably not food limited.

Biology of Cave and
Deep Sea Organisms:
a Comparison
By Thomas L. Poulson

0

ABSTRACT
A anel discussion held at the 1969 AAAS meeting is summarized. The eave
and de~p sea environments have many similarities for the organisms \vhi~h have
adapted to life in them. The similarities and differences in tl~ese adaptatlo~ls arc
examined for insight into evolutionary ecology and. commullity struc~ure III the
two environments. The characteristics of life history anu age distribution, senso~y
adaptation, and metabolic efficiency are discussed.. !he. effc~ts of geographic
isolation and Pleistocene invasions are contrasted. Specles dl\'Crslty and the factors
influencing it are discussed.

A WOODLAND "MUMMY" FROM
SALTS CAVE, KENTUCKY
loUISE

•

M. RoBBINS

ABSTRACT
A mummy or rather, a dessicated body. from Salts
Ca
Kentucky has been subjected to a comprchensiv:e~nalYsis. R;diocarbon analysis of internal ~o~
tissue P laced the individual in the Woodland c~ tu
. d A careful dissection of the body cavity repeno .
.
a1
but due to
vealed the presence of all mtern
organs . • f the
ckhydration. in a collapsed fonn. The dIet 0

individual, and indirectly of the population"" w~s de.
termined from the contents of the fecal matenal In the
lower intestine and colon. Ex~in~~ion of the ex~~~
side of the body revealed the tndlV1d~al .to be a
•
and radiographic and dental evidence indicated t~at he
was around nine years of age. Blood group st~dle~~~~
still somewhat inconclusive, but tests are berng ..
dueted to clarify that problem. This paper, was
nally presented at the 35th Annual Meeting. 0
e
Society foc American Archaeology. Museo Naclonal de
AntIopologia, Mexico, D.F.

~f~-'

Prm:essus of [av~l'n Breakdown
By Eliza.beth t, White and William

B. White

ABSTRACT

Br~akdown OCcurrences have been studied extensively
of the Central Kentucky Karst and in caves elsewhere in
of straight breakdown block edges show strong preferred
fracturing occurs along pre-existing zones of weakness.
measurable sag.

in the large cavern systems
folded limestones. Rosettes
orientation suggesting that
'Vide-span ceilings have a

Some processes activating cavern breakdown are: (1) loss of buoyant support
by draining of galleries (2) undercutting of banks by floodwater stoping at the base
level (3) removal of support by free surface stream action (4) crystal wedging and
attack by sulfate mineralization
(5) frost wedging (6) undercutting by later cavern
development (7) undercutting and removal of material by vertical shafts and shaft
drains (8) weakening of ceiling beds through attack by acid surface' water.
One or more of the mechanisms of cavern breakdown are operative during all
stages of development.
Thus breakdown takes place continuously and plays an im~rtant
role hoth in the initial enlargement of the cavern system and in its final
degradation.

CHANNEL HYDRAULICS Of
FREE.SURFACE STREAMS IN CAVES.
by WILLIAM B, WHITE-

- and ELIZABETH L. WHITE- •• ,

Abstract
Elementary fluid mechanics is applied to cave c~nduits in v.:hich [he ge~e!ating SHearn
had a free air surface. These are mainly passages With canyon-iLke cross.sectlons, Examples
are taken from the central Kentucky karst, Estimation of Reynolds. and Frou~~ numbers
fOr typical water flows in caves predicts chat most cave streams ~ow 10 a. sub.crLtlcal turbu.
lent regime. Channel widths vary systematically with both velOCity and dIScharge. Slopes of
channels calculated from the Manning equation agree with measu,red val.ues f~:)f small can}'~ns:
Large canyons have very flat gradients and are interpreted as high points 10 an undulating
conduit which lies near the ground.water level.
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